It is often difficult to differentiate gastric mucosa-associated lymphoid tissue (MALT) lymphoma from Helicobacter pylori-associated follicular gastritis, and thus, it becomes unclear how to manage these diseases. This study aimed to explore the management strategy for and the long-term outcomes of suspicious gastric MALT lymphoma detected by forceps biopsy during screening upper endoscopy. Between October 2003 and May 2013, consecutive subjects who were diagnosed with suspicious gastric MALT lymphomas by screening endoscopy in a health checkup program in Korea were retrospectively enrolled. Suspicious MALT lymphoma was defined as a Wotherspoon score of 3 or 4 upon pathological evaluation of the biopsy specimen. Of 105,164 subjects who underwent screening endoscopies, 49 patients with suspicious MALT lymphomas who underwent subsequent endoscopy were enrolled. Eight patients received a subsequent endoscopy without H. pylori eradication (subsequent endoscopy only group), and 41 patients received H. pylori eradication first followed by endoscopy (eradication first group). MALT lymphoma development was significantly lower in the eradication first group (2/41, 4.9%) than in the subsequent endoscopy only group (3/8, 37.5%, P = 0.026). Notably, among 35 patients with successful H. pylori eradication, there was only one MALT lymphoma patient (2.9%) in whom complete remission was achieved, and there was no recurrence during a median 45 months of endoscopic follow-up. H. pylori eradication with subsequent endoscopy would be a practical management option for suspicious MALT lymphoma detected in a forceps biopsy specimen obtained during screening upper endoscopy.
INTRODUCTION
Extranodal marginal zone B-cell lymphoma (MALT lymphoma) is a major type of lymphoma that arises in the stomach (1) . Although primary gastric lymphomas account for only 3%-5% of gastric malignant tumors, gastric MALT lymphomas comprise nearly half of the lymphoma cases. MALT lymphomas are indolent in nature and show good responses to the eradication of Helicobacter pylori and consequent excellent prognosis in most cases (2) . Histological diagnosis of MALT lymphoma is made by demonstrating the dense lymphoid infiltration occupying the lamina propria with the presence of prominent lymphoepithelial lesions (3) . Although the stomach is typically devoid of lymphoid tissue, lymphoid follicles frequently develop after chronic H. pylori infection (4) . Because most cases of gastric MALT lymphomas emerge from H. pylori-associated MALT, it is often difficult to differentiate these cases from H. pylori-associated follicular gastritis (5) . This diagnostic ambiguity was addressed in the now widely accepted 5-grade histomorphological scoring system suggested by Wotherspoon et al. (3) . Suspicious MALT lymphoma cases are categorized as a Wotherspoon score 3 (suspicious, probably reactive) or 4 (suspicious, probably neoplastic) (3) .
Currently, it is not clear how to manage the lesions with Wotherspoon scores of 3 or 4 (6, 7) . A broadly used method to distinguish between gastritis and lymphoma is the evaluation of the clonality of B cells based on the analysis of rearranged immunoglobulin genes (8) . However, the sensitivity and specificity of this method are limited (8, 9) , and may not be practical in some countries considering the high cost. Repeat endoscopy with ex-http://dx.doi.org/10.3346/jkms.2016.31. 7.1075 tensive biopsy could also aid in making a definitive diagnosis when the initial endoscopic finding is strongly suggestive of malignancy (10, 11) . Another alternative would be to treat the suspicious lesion with H. pylori eradication (12, 13) . Although this option is practical and easy to adopt, it becomes no longer possible to differentiate between gastritis and lymphoma because both lesions respond to H. pylori eradication.
In Korea as well as in Japan, endoscopic screening for gastric cancer is widely performed (14, 15) . Consequently, subtle lesions with Wotherspoon scores of 3 or 4 are frequently encountered. Although a second endoscopy is conducted in some cases, the majority of patients are treated with H. pylori eradication and then followed up with endoscopy. However, there is no longterm follow-up data after H. pylori eradication for these 'suspicious' lesions, especially regarding the risk of MALT lymphoma development from these lesions.
Therefore, in this study, we aimed to explore a management strategy for and the long-term outcome of the suspicious gastric MALT lymphomas detected in forceps biopsy specimens obtained during screening endoscopy.
MATERIALS AND METHODS

Patients
Our data were derived from those who visited the Seoul National University Hospital (SNUH) Healthcare System Gangnam Center for their health checkups and underwent upper endoscopy screenings between October 2003 and September 2013. Those patients who received an endoscopic forceps biopsy in which histological evaluation demonstrated suspicious MALT lymphoma were included in the study. Suspicious MALT lymphoma was defined as a Wotherspoon score of 3 or 4 (3). The subjects who did not have a subsequent endoscopy within 1 year were excluded. The medical records of the patients were reviewed with regard to demographics, endoscopic tumor findings, and histological findings.
Endoscopic screening protocol and histologic evaluation
Fifteen experienced board certified gastroenterologists performed all examinations using conventional white light video endoscopy (GIF H260; Olympus, Aizu, Japan/EG-450WR5 or EG-590WR; Fujinon, Saitama, Japan). During endoscopy, biopsies were taken from any seemingly abnormal lesions using biopsy forceps. The endoscopic appearances of the lesions were classified as superficial, polypoid, thickened fold, or ulcerative, and the superficial type was further subclassified as multinodular, multifocal atrophic, or erosions based on previous studies (16, 17) . The dominant location of the lesion was categorized as the upper, middle, or lower third of the stomach.
All histopathological diagnosis were made by 4 pathologists specialized in gastrointestinal pathology or hematopathology with > 10 years of experience. Hematoxylin-eosin staining of biopsy samples was routinely performed for histological evaluation, and immunohistochemical staining using CD3, CD20, Ki-67, and cytokeratin was carried out in most cases (5) .
H. pylori infection status
H. pylori infection status was determined by serology, histology, rapid urease testing (CLOtest, Delta West, Bentley, Australia), and 13 C-urea breath testing (UBiTkit, Otsuka Pharmaceutical, Tokyo, Japan). Anti-H. pylori IgG was measured using a commercially available enzyme-linked immunosorbent assay (H. pylori-EIA-Well, Radim, Rome, Italy) for serologic testing as previously described (18) , and modified Giemsa staining was used for histological testing. When any of the tests except for serology were positive, H. pylori infection was considered to be present. H. pylori infection was judged as negative only when all of the tests, including serology, were negative. Cases where only the serology test was positive were considered as examples of past H. pylori infection.
Initial management strategy, treatment, and follow-up
On the first appointment after screening endoscopy, the patients with suspicious MALT lymphoma were recommended either to undergo a subsequent endoscopy without H. pylori eradication (subsequent endoscopy only group) or to receive H. pylori eradication first and then to undergo a subsequent endoscopy (eradication first group). The attending physician for each case decided which strategy to choose. Clonality analysis was not completed as a matter of practicality. The first line regimen we used for H. pylori eradication was a 7-day triple therapy with standard-dose proton-pump inhibitor (PPI) bid, clarithromycin 500 mg bid, and amoxicillin 1,000 mg bid, and the second line regimen was a 7-day quadruple therapy with PPI standard dose bid, tripotassium dicitrato bismuthate 300 mg qid, metronidazole 500 mg tid, and tetracycline 500 mg qid. H. pylori eradication was evaluated in the follow-up endoscopy with histology and rapid urease testing.
The subsequent endoscopy was performed within 3 months of the initial screening endoscopy for both groups and at least 2 weeks after H. pylori eradication for the eradication first group. If the histological evaluation of the follow-up biopsy specimen resulted in a Wotherspoon score of 2 or less, the lesion was diagnosed as benign gastritis, and the patient was returned to our health checkup program and recommended to receive annual endoscopies. However, when gastric MALT lymphoma was confirmed by the follow-up biopsy during subsequent endoscopy, the stage was established in accordance with the Ann Arbor classification modified by Musshoff (19) using chest radiography, abdominal computed tomography, fluorine-18 fluorodeoxyglucose positron emission tomography, endoscopic ultrasound, and bilateral bone marrow biopsy. The treatment was http://dx.doi.org/10.3346/jkms.2016.31.7.1075 conducted according to the international practice guidelines and consensus report (6, 7) , and the response to the treatment was reported based on the Groupe d'Etude des Lymphomes de l'Adult (GELA) grading system (20) .
Statistical analysis
Data are expressed as the medians and ranges for continuous variables and as counts and percentages for categorical variables. To analyze differences between the groups, the Mann-Whitney U-test was used for continuous variables, and the Pearson's χ 2 or Fisher's exact test was used for categorical variables as appropriate. All statistical analyses were performed with SPSS (version 21.0; SPSS Inc., Chicago, IL, USA), and P < 0.05 was considered significant.
Ethics statement
The study protocol was approved by the institutional review board of SNUH (IRB No. 1404-088-573), was exempted from the requirement to obtain informed consent, and conformed to the provisions of the Declaration of Helsinki, 2013.
RESULTS
Patients
The study profile is described in Fig. 1 . Between October 2003 and September 2013, a total of 121,802 men and women visited our healthcare center for routine checkups. Of these, 105,194 underwent 219,592 screening upper endoscopies, and 53,560 forceps biopsies were conducted during the procedures. Biopsy specimens were reported to be suspicious for MALT lymphoma when they received Wotherspoon scores of 3 or 4 in 72 subjects. After excluding 23 patients who failed to follow-up, the remaining 49 patients who received subsequent endoscopies without H. pylori eradication (subsequent endoscopy only group, n = 8) or who received H. pylori eradication first and then underwent subsequent endoscopy (eradication first group, n = 41) were included in the study.
The baseline characteristics are summarized in Table 1 . The median patient age was 48.6 years (range, 29.0-71.9), and 55.1% (27 of 49) were male. The major endoscopic findings were erosions (30.6%, 15 of 49) and nodularity (26.5%, 13 of 49), and the endoscopic impression was MALT lymphoma only in 10.2% (5 of 49) of the patients. All patients were positive for H. pylori infection. There were no differences in the baseline characteristics according to the initial management strategy, except for age distribution, which was older in the subsequent endoscopy only group than in the eradication first group (P = 0.020, Table 1 ).
Diagnosis of MALT lymphoma among the patients with suspicious lesions
Of those 49 patients, 5 (10.2%) were diagnosed with gastric MALT lymphoma in the subsequent endoscopy performed at a median of 43 days (range, 19-98) after the initial screening endoscopy ( Fig. 1 and Table 2 ). Development of gastric MALT lymphoma was significantly lower in the eradication first group (2 of 41, 4.9%) than in the subsequent endoscopy only group (3 of 8, 37.5%, P = 0.026). H. pylori eradication was successful in 85.4% (35 of 41) of patients treated. Among the eradication first group, one MALT lymphoma patient was confirmed among the 6 patients who failed eradication, and the other MALT lymphoma patient was among the 35 patients with successful eradication. When H. pylori infection was successfully eradicated, gastric MALT lymphoma was diagnosed in only 2.9% of the patients (1 of 35). On the contrary, when H. pylori eradication was not attempted or failed, the diagnosis rate of gastric MALT lymphoma was significantly higher (28.6%, 4 of 14, P = 0.019).
Treatment of MALT lymphoma and long-term follow-up of all patients
All patients were followed for a median of 45.5 months (range, 1.8-108.6). Table 2 shows a summary of the clinical courses of 5 patients with MALT lymphoma and 2 patients with follicular gastritis but developed recurrent suspicious lesion during the follow-up period. The initial stage was IE in all 5 patients with MALT lymphoma. The 4 patients (cases 1-4) who were diagnosed as MALT lymphoma while being H. pylori-positive were treated with H. pylori eradication; 2 patients achieved complete remission at 8 and 21 months of follow-up, respectively, and 2 showed partial remission at 7 and 13 months of follow-up, respectively, and are currently under follow-up. One of the 2 patients with complete remission developed a recurrence of MALT lymphoma after an additional 9 months of follow-up, was treated with second line eradication regimen, and then accomplished a second complete remission. However, 1 patient (case 5) who was diagnosed as MALT lymphoma despite successful eradication was followed without additional treatment and then achieved complete re- 
DISSCUSSION
In the present study, we evaluated H. pylori eradication as a management strategy for suspicious MALT lymphoma detected in screening endoscopy with forceps biopsy. We found that the eradication first strategy was associated with a significantly lower risk of MALT lymphoma development compared with the subsequent endoscopy only strategy. In particular, when the eradication was successful, the risk of developing MALT lymphoma was only 2.9%, and there was no recurrence of MALT lymphoma during a median 45 months of follow-up.
When suspicious MALT lymphoma was encountered in endoscopic forceps biopsy, the best management in principle would be making a definitive diagnosis between MALT lymphoma and follicular gastritis with additional tests, such as clonality analysis or a second endoscopy with gastric mapping (8) (9) (10) (11) , because lymphoma and gastritis have different treatment outcomes and prognoses. Although these additional evaluations would identify more MALT lymphomas from suspicious cases, the remaining cases still pose a risk of MALT lymphoma because the sensitivity of clonality analysis for MALT lymphoma was reported to be 92% (8) and that of second round endoscopy with biopsy was reported to be 83.3% (10) . Thus, even after the diagnostic test has resulted in gastritis rather than lymphoma, many patients still want to receive H. pylori eradication therapy and follow-up endoscopy in clinical practice. Given this practical matter, H. pylori eradication followed by a subsequent endoscopy could be the most efficient strategy for the management of suspicious MALT lymphoma. In theory, it is expected that the longterm outcome after H. pylori eradication for suspicious MALT lymphoma would be excellent considering the favorable longterm outcome even in the patients with gastric MALT lymphoma (2). Our study proved this theoretical prediction to be clinically feasible, demonstrating that when H. pylori were eradicated, MALT lymphoma occurred in approximately 3% of patients during 4 years of endoscopic follow-up. Moreover, our study also showed that all 4 H. pylori-positive patients with MALT lymphoma showed complete or partial response to H. pylori eradication therapy. This observation suggests that our strategy of 'H. pylori eradication first' could have been applied safely to the 14 patients who received a second endoscopy without H. pylori eradication or when H. pylori eradication failed.
It is noteworthy that the lesions with Wotherspoon scores of 4 reappeared with H. pylori re-infection in the 2 of 34 patients who had been confirmed as gastritis after successful H. pylori eradication. Although this did not lead to the development of MALT lymphoma, it suggests that endoscopic follow-up is necessary after H. pylori eradication and regression of the suspicious lesion, especially in areas where the risk of H. pylori re-infection is high. Considering the necessity of endoscopic followup in all patients with suspicious MALT lymphoma, the H. pylori eradication followed by a subsequent endoscopy would not be the first-choice strategy in areas with low accessibility to upper endoscopy. However, in the context of active endoscopic screening for gastric cancer coupled with high prevalence of H. pylori infection in Far Eastern countries including Korea and Japan, the eradication first strategy would be a practical alternative option.
A major advantage of our study is that the study population was based on a large group of health checkup subjects who can be considered representative of the general population. However, there are also several limitations in this study. First, this was a retrospective study and had a potential for missing cases and selection bias. In particular, the treatment plan was not randomized, and some patients did not return for subsequent endoscopy. Second, this study considered a small number of patients and lacked molecular analyses such as clonality evaluation or MALT1 gene rearrangement analysis. However, our results may warrant further prospective studies incorporating molecular analyses, although this is not easy due to the rarity of the disease. Third, considering our study setting of endoscopic screening, the current results should be carefully extrapolated to the outpatient clinic-based settings where patients are usually symptomatic.
In conclusion, our data indicate that H. pylori eradication would be a practical management option for suspicious MALT lymphomas detected in forceps biopsy specimens from screening upper endoscopy. Further large prospective studies including molecular analysis are required.
